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Abstract
Beryllium is a naturally occurring element with many unique properties and a variety of
uses. When combined with other elements, such as copper, specialized alloys may be made
that are of particular value for certain applications. In the electrical industry copper
beryllium alloys are frequently present in electrical components in the contactors, relays,
springs and other metallic components. Though beryllium has many excellent physical
properties and poses minimal to no human health hazard when in a solid finished form,
inhaling the dust or fumes of beryllium containing materials can cause serious health
issues. This project assesses whether removable beryllium surface contamination is
present on four different types of electrical switchgear equipment.
A total of 119 wipe samples were collected from four different styles of electrical
switchgear. All wipe sample results were well below the established criteria of 0.2 µg/100
cm2. Equipment sampled and results in µg/100 cm2 included Siemen Allis Contactors
(CI95% 0.019, 0.029), Westinghouse Vacuum Circuit Breakers (CI95% 0.014, 0.019),
Westinghouse Air Circuit Breaker (CI95% - 0.009, 0.047), and GE Power Vacuum Breaker
(CI95% 0.02). In addition, 6 bulk samples were collected from 6 Westinghouse Vacuum
Circuit Breakers with all results below the criteria established of 2 µg/g, (CI95% 0.21, 0.46).
Extensive surface beryllium contamination does not appear to be a credible concern for the
pieces of electrical switchgear sampled.

Keywords: Beryllium, Electrical Switchgear, DOE, Surface Sampling
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1. Introduction
Hanford is a decommissioned nuclear production complex located in Eastern
Washington. The primary mission of the site is now focused on clean-up of the large
amount of waste that was generated during production. There are a wide variety of
hazards that personnel may encounter from the 60+ years of operations at Hanford. These
include a complex combination of chemicals, physical hazards and toxic metals such as
lead, cadmium, chromium and beryllium.
Beryllium is a naturally occurring element with many unique properties and a
variety of uses. It is a strong, stiff, light-weight and non-sparking material. When
combined with other elements, such as copper, specialized alloys may be made that are of
particular value for certain applications. In the electrical industry, copper beryllium alloys
are frequently present in electrical components in the contactors, relays, springs and other
metallic components where durability, spring memory and conductivity are required
(Immele, 2009).
Though beryllium has many excellent physical properties and poses minimal to no
human health hazard when in a solid finished form, inhaling the dust or fumes of beryllium
containing materials can cause serious health issues. In an electrical system, such as switch
gear that contains beryllium components, the actions of electrical contacts opening and
closing, as well as arc flash incidents may provide a mode to create removable beryllium
from the solid form. Personnel exposure may occur during the maintenance of switch gear
by electricians, particularly if compressed air or other modes of cleaning that re-suspend
beryllium containing settled dust are used.
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2. Problem Statement
Assuming electrical switch gear equipment (breakers and contactors) may have
beryllium containing components present, this project assesses whether removable
beryllium surface contamination is present that could become a source of occupational
exposure to personnel such as electricians.

3. Background
3.1. Site Information
The Hanford Site was commissioned during the Second World War for scientific
research and development with the primary mission of manufacturing and production of
plutonium and uranium and would be the countries first large scale plutonium production
complex. The site chosen was in the Pasco Basin of the Columbia Plateau in Southeastern
Washington State along the Columbia River. The 586 square mile tract of land situated
north of the City of Richland met all of the requirements for the location of the country’s
first large scale plutonium production complex. The Hanford Site continued processing
plutonium throughout the Cold War, and a total of nine reactors were constructed to
support the mission. Operation of the final reactor was ceased in 1989.
Currently the Hanford Site is managed by the Department of Energy (DOE) and is
no longer producing plutonium. The primary mission of the site is now focused on cleaning
up the large amount of waste that was generated during production. These activities
include the demolition and removal of entire facilities as well as the continued maintenance
of existing facilities and infrastructure required for the success of the clean-up mission.
There are a wide variety of hazards that personnel may encounter from the 60+ years of
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operations at Hanford. These include a complex combination of chemicals, physical
hazards and toxic metals such as lead, cadmium, chromium and beryllium.
Beryllium was used in nuclear fuel rod research and manufacturing at the US
Department of Energy's (US DOE) Hanford site in eastern Washington from approximately
1950 to 1988 (Ertell, 2002). During fabrication and research the release of beryllium dust,
fumes, and salts resulted in some workers being exposed. In buildings in which these
activities took place there is continued potential for beryllium contamination. Beryllium
contamination was potentially also spread to other facilities when items (e.g., tools or
equipment) were moved from one contaminated area to another area. In addition to past
beryllium use for reactors and research activities, beryllium is present in non-sparking
tools and certain installed hardware, including electrical switchgear and overhead crane
components used at Hanford (Fisher, et al).
Given the long history of use of beryllium at Hanford and many other DOE sites, and
the adverse health effects observed in DOE workers, 10 Code of Federal Regulations 850
(10CFR 850), Chronic Beryllium Disease Prevention Program (CBDPP), was issued. The DOE
CBDPP sets standards to “reduce the number of workers currently exposed to beryllium in
the course of their work at DOE facilities managed by DOE or its contractors, minimize the
levels of, and potential for, exposure to beryllium, and establish medical surveillance
requirements to ensure early detection of the disease (10CFR 850).” Among the many
requirements put forth by 10CFR 850 is the need to perform hazard assessments for work
activities that may potentially expose workers to beryllium hazards. This hazards
assessment includes identifying whether beryllium is present and the characteristics of any
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beryllium contamination noted in a facility. Given the possibility of beryllium components
to be present in electrical switchgear, it is considered a source of potential contamination.

3.2. Beryllium
Beryllium occurs naturally as the silicate, bertrandite, and the aluminosilicate, beryl.
Beryllium used in industry begins as a silicate (BeSiO3) in beryl and bertrandite ores. In a
very pure crystalline form, beryl is known as gems such as blue-green aquamarine and
green emerald (Energy.gov).
Beryllium metal is gray in color and one of the lightest metals. Its physical and
mechanical properties—outstanding stiffness-to-weight and strength-to-weight ratios, one
of the highest melting points of all light metals, high specific heat, excellent thermal
conductivity, outstanding dimensional stability over a wide range of temperatures, high
reflectivity, the lowest neutron absorption cross section of any metal and a high neutronscattering cross section, and transparency to x rays—make it useful for many applications
(Jaskula, 2014).
Given its unique properties, a wide variety of industries use beryllium products
including: aerospace, automotive, computer, defense, electronics, energy, marine, medical,
nuclear, and telecommunications. When combined with other elements, such as copper,
specialized alloys may be made that are of particular value for certain applications, such as
electrical systems.
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3.3. Beryllium in Electrical Systems
Beryllium copper alloys may be used in a variety of electrical equipment including:
•
•
•
•
•

Large electric motors, power transformers, disconnects
Circuit breakers, wire, starters, switchgear, cranes
Electrodes, springs
Computers, connectors, load cells, screws, bolts
Washers, bearings, roll pins, retaining rings.

Because of the excellent fatigue resistance, beryllium copper is widely used for
springs, pressure responsive diaphragms, flexible bellows, connectors, contacts and relays,
which are all subject to cyclical loading (Copper Development Association, 2015). Typical
references indicate beryllium copper alloys contain approximately 0.5-3% beryllium.
Of particular interest for this project is switchgear, which is equipment intended to
connect and disconnect power circuits. These particular pieces of equipment were chosen
for the investigation of beryllium as they are enclosed in motor control centers for
extended periods of time and intermittently removed for servicing by electricians. Two
general types of switchgear were investigated: breakers and contactors. Examples of
equipment encountered and primary areas of concern that were sampled are presented
below.
3.3.1.

Electrical Breakers

Breakers are thermal devices that when excess current run through them they heat
up and trip or open up. They can also be used as a switch to open a circuit. The primary
purpose of the electrical breaker is to protect equipment.
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3.3.1.1. General Electric Power Vacuum Breaker
General Electric Power vacuum breakers do not have an exposed arc flash chute or
contacts. The primary area of concern that was accessible on these pieces of equipment
was the area around the bus bar connections, or stabs.

Figure 1 - Overview of GE Power Vacuum Breaker

Figure 2 – GE Power Vacuum Breaker Bus Bar Connection
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3.3.1.2. Westinghouse Vacuum Circuit Breaker
Westinghouse vacuum breakers do not have an exposed arc flash chute or contacts.
The primary area of concern that was accessible on these pieces of equipment were the
stabs and adjacent areas including external surfaces of the breaker.

Figure 3 - Overview of Westinghouse Vacuum Circuit Breaker

Figure 4 - Westinghouse Vacuum Circuit Breaker Stabs
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3.3.1.3. Westinghouse Air Circuit Breaker
The primary area of concern that was accessible on Westinghouse air circuit
breakers were the stabs and the exposed arc flash chute on the bottom of the breaker.

Figure 5 – Westinghouse Air Circuit Breaker Stabs

Figure 6 - Westinghouse Air Circuit Breaker Arc Chute
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3.3.2.

Electrical Contactors

A contactor is an electric relay that consists of a solenoid, such as a spring or
electromagnetic switch, and a pair of electrical contacts. The solenoid is activated and it
closes the contacts which completes a circuit and allows equipment, such as pumps or fans,
to operate. A contactor acts much like a switch and allows operators to cycle equipment off
and on.
3.3.2.1. Siemen Allis Contactor
Siemen Allis contactors are different than the breakers noted above as there are
more exposed areas suspected of potentially being beryllium containing. Sampling for this
piece of equipment focused on the stabs, the electrical contactors and the arc flash chutes.

Figure 7 - Siemen Allis Stabs
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Figure 8 - Siemen Allis Contactors

Figure 9 - Siemen Allis Arc Flash Chute
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3.4. Beryllium Hazards
Though beryllium has many excellent physical properties and poses minimal to no
human health hazard when in a solid finished form, serious health issues may arise if the
dust or fumes of beryllium containing materials are inhaled or beryllium enters the body
through a skin opening. The health issues of primary concern are beryllium sensitization
and chronic beryllium disease.
3.4.1.

Beryllium Sensitization

Beryllium sensitization is an immune response or allergy to beryllium. Beryllium
sensitization occurs after a person who is susceptible, due to a genetic factor such as HLADPB Glu69 allele, breathes beryllium dust or fumes, or possibly if beryllium penetrates the
skin through an open cut or from a beryllium splinter (National Jewish). For a sensitized
individual their immune system responds to the presence of beryllium by generating a
large population of immune cells in the bloodstream that react to beryllium if present.
There are no symptoms associated with beryllium sensitization and individuals are not
impaired. On average it is considered that approximately 1-6% of beryllium exposed
workers develop a sensitivity. Of the beryllium sensitized population, approximately 4060% will go on to develop chronic beryllium disease
3.4.2.

Chronic Beryllium Disease

Beryllium sensitive individuals may develop an immune or inflammatory reaction to
small amounts of beryllium that do not cause effects in people who are not sensitive to
beryllium. When this occurs, white cells accumulate around the beryllium in the lungs and
form a chronic inflammatory reaction called granulomas. This condition is called chronic
beryllium disease (CBD) (ATSDR, 2002). In addition to granulomas there is typically
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inflammation and scarring of the lungs. A wide variety of symptoms are associated with
CBD including shortness of breath, cough, fever, and night sweats. CBD may lead to heart
disease as well as the heart must compensate for the diminished lung capacity.
The unfortunate aspect of CBD is that currently there is no way to determine who is
susceptible to be sensitized and develop CBD until the beryllium exposure has occurred. In
addition, certain individuals are more susceptible and CBD can occur at relatively low
exposure levels and, in some cases, after relatively brief durations of exposure. A variety of
workers may develop CBD, including those with what would be considered an inadvertent
or bystander exposure, such as a secretary and security guards (Kreiss, 1993).
3.4.3.

Carcinogen

Evidence indicates that beryllium is a carcinogen and increased risk of lung cancer is
present in individuals exposed to beryllium. As such the International Agency for Research
on Cancer (IARC) indicates beryllium as IARC-1, carcinogenic to humans. In addition, the
American Conference of Governmental Industrial Hygienists (ACGIH) indicates beryllium
as TLV-A1, confirmed human carcinogen, and the National Toxicology Program (NTP) lists
beryllium as NTP-K, known to be a human carcinogen.

3.5. Applicable Standards
Surface sampling will be conducted to determine the presence of beryllium on
electrical switchgear. Relevant to surface sampling, neither the Occupational Safety &
Health Administration (OSHA), National Institute for Occupational Safety & Health
(NIOSH), nor ACGIH provide any standard or guidance for what would be considered an
acceptable level. As the Hanford site is operated by DOE, 10CFR 850 is applicable as well as
the guidance it provides for beryllium surface contamination.
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3.5.1.

10 CFR Part 850 Chronic Beryllium Disease Prevention Program

10CFR 850 provides several references to what is considered acceptable surface
contamination of beryllium. In operational areas, such as those that workers are routinely
in the presence of beryllium as part of their work activity, the housekeeping level for
removable beryllium is not to exceed 3 μg/100 cm2 during non-operational periods. This is
not applicable to the activities assessed in this project, but is included as a reference point
for the various applicable surface standards.
10CFR 850 states what acceptable beryllium surface contamination levels are for the
release of beryllium-contaminated equipment and other items at DOE sites for use by other
DOE facilities or the public. Per 10CFR 850.31, removable contamination on equipment
surfaces must not exceed 3 µg/100 cm2 when released to other beryllium handling
facilities; or when released to the public or for non-beryllium use removable contamination
on equipment surfaces must not exceed 0.2 µg/100 cm2 or the concentration level of
beryllium in soil at the point or release, whichever is greater.
DOE-0342, Hanford Site Chronic Beryllium Disease Prevention
3.5.2.
Program
In May, 2009, DOE-0342, Hanford Site Chronic Beryllium Disease Prevention Program
(CBDPP), was implemented. This program is applicable to all Hanford contractors, and
provides consistent guidance to implement requirements set forth in 10CFR 850. This
document identifies an acceptable “control level” for surface contamination concentration
as less than 0.2 µg/100 cm2 or 2 μg/g for bulk samples. Areas or equipment identified with
surface levels above these criteria require additional controls including administrative
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postings limiting access, work permits for activities and medical monitoring for personnel
performing work activities in the area or on the equipment.
In addition, the Hanford CBDPP established a “trigger level” for surface samples that
exceed 0.1 µg/100 cm2 or 1 μg/g for bulk samples. This trigger level requires additional
investigative sampling be conducted to determine if surface contamination may exceed the
administrative control level.
3.5.3.
DOE-0342-005 Hanford Site Evaluation of Electrical Equipment
for Beryllium
DOE-0342-005, Hanford Site Evaluation of Electrical Equipment for Beryllium
Procedure, requires the evaluation of electrical equipment to determine whether it has the
potential to have removable beryllium surface contamination due to beryllium containing
components. Among the electrical components to be considered for evaluation is electrical
switchgear. This document implements the requirement of establishing a baseline
inventory of potentially beryllium contaminated equipment and facilities.

4. Literature Review
A literature review did not generate any specific studies relevant to the presence of
beryllium in electrical switchgear. General information regarding potential exposure of
electricians to beryllium and the presence of beryllium in electrical systems was noted and
reviewed in further detail below.

4.1. Electrician Beryllium Exposure
A study was conducted to estimate which industries had airborne beryllium exposures
at or above 0.1 µg/m3. Investigators identified data from the OSHA Integrated Management
Information System (IMIS) and reports from the NIOSH Health Hazard Evaluations (HHEs)
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program and organized by Standard Industrial Classification (SIC) codes those categories
that had exposures at ≥ 0.1 µg/m3.
Results of the study identified 108 SIC categories that had at least one measurement of
airborne beryllium at ≥ 0.1 µg/m3. Estimates of workers potentially exposed to beryllium
included 1,500 current employees in the primary beryllium industry (ie: mining,
production), 26,500 individuals currently working for the Department of Energy or the
Department of Defense, and 26,400 to 106,000 workers potentially exposed in the private
sector (Henneberger, 2010). Among the SIC codes indicating exposures were electricians.
The study did not list specific numbers for workers exposed by SIC code.
Though it does not indicate where the specific exposures take place, this study
reinforces the importance of investigating sources of potential exposure to verify routine
work activities and processes are not exposing workers to elevated levels of beryllium.

4.2. Beryllium Screen of Elevators and Mechanicals
Pacific Northwest National Laboratory (PNNL) investigated 15 elevator and associated
mechanical areas for beryllium. Industrial hygiene personnel collected more than 200
wipe samples from elevator room/cage floors, other representative horizontal surfaces and
elevator electrical control cabinets. One of the 15 elevators, a freight elevator, was
identified as contaminated with beryllium, according to wipe area release limits used by
the Department of Energy and its contractors. The contamination was believed to be
associated with electrical components housed in a Montgomery brand Curion model door
controller cabinet originally installed in the 1940s (OPEX, 2010).
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Though not specific to electrical switchgear equipment, this report reflects the
potential for beryllium to be present in a variety of systems accessed by electricians, and
reinforces the importance of investigating all credible sources.

5. Methods and Materials
5.1. Personnel Requirements
Personnel required for sampling of electrical switchgear includes an industrial
hygienist and electrician.
•

Trained industrial hygienists competent in the surface sampling technique and
sample chain of custody protocols collect the beryllium samples.

•

An electrician is present for several reasons:
o They are the experts on these systems and their involvement is critical in
sampling areas that may potentially have beryllium containing
components as well as any areas of concern that they may note.
o

In addition, as these are electrical systems all pertinent lock out/tag out
protocols must be followed to ensure components are safe to access for
sampling.

5.2. Beryllium Surface Sampling Methods
The primary means of assessing the presence of elevated beryllium levels in
electrical switchgear is via surface sampling. Two methods may be used during the
collection of beryllium surface samples, bulk sampling and wipe sampling.
5.2.1.

Beryllium Bulk Sampling Method

Where visible quantities of dust are present, bulk samples are collected. The benefit
of this is that these bulk samples can be analyzed and return a value indicating mass of
beryllium per mass of total dust collected, or percent/ppm concentration of beryllium

17
present. This concentration value can then easily be compared to what is considered to be
the naturally occurring background level of beryllium, in this case 2 µg/g. Surface samples
may be collected by two primary methods: sweeping/scooping material, and the microvacuum method.
5.2.1.1.

Sweeping or Scooping Material

If sufficient mass is present the settled dust may be simply swept in to a sample
collection vial and submitted to the laboratory for analysis. Table 1 below demonstrates
the general bulk sampling procedure.

1)
2)
3)
4)
5)

Table 1 - Bulk Sampling Procedure
Open sample container/jar
Don disposable nitrile gloves
Sweep or scoop sufficient mass of material into sample container
Seal sample container and label with sample number
Doff and dispose gloves
5.2.1.2.

Micro-vacuum Surface Sampling

Typically the environment is not “dirty” enough that material is easily swept into a
sample jar. In the cases where visible quantities of dust are present, but cannot be easily
swept up, the micro-vacuum method may be used. Micro-vacuuming involves connecting a
37-mm Mixed Cellulose Ester (MCE) filter to a sample pump and using that as a method to
collect the visible dust. The sample cassette is then sealed and submitted to the laboratory
for analysis. Table 2 on the following page demonstrates the general bulk sampling
procedure.
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1)
2)
3)
4)
5)
6)
7)
8)

Table 2 – Micro-vacuum Sampling Procedure
Set sample pump to approximately 3 – 4 liters/minute. Specific flow rate is not of
particular concern, just needs to be sufficient to collect material.
Attach 37-mm MCE filter to sample pump with tygon
Attach a short tygon extension, cut off at a 45-degree angle, to the front nipple of the
sample cassette.
Don disposable nitrile gloves
Using the sample cassette and pump as a vacuum collect surface dust into cassette.
Remove sample cassette from pump and seal open nipple with plugs.
Label sample.
Doff and dispose gloves, and 45-degree tygon tube.

5.2.2.

Beryllium Wipe Sampling Method

Wipe sampling is another method to survey a surface to assess the presence of
particulate matter, including beryllium. Wipe sampling is used on surfaces that typically do
not have visible dust, or enough mass present to collect by one of the bulk sampling
methods. Through past experience and observations of electrical systems, wipe samples
constitute the majority of data points collected as electrical systems are maintained in a
manner as to not have excessive quantities of dust and material accumulated in them.
The basic surface wipe method involves placing a template of a known area over a
surface and wiping the area with a wet wipe to clean the surface of any material present.
The wet wipe is then analyzed by the laboratory and the result is a mass of material per
area. This number can then be compared to what is considered to be a “clean surface”, in
this case below 0.2 µg/100 cm2, and appropriate controls or decontamination activities
may be instituted. Refer to Table 3 on the following page for basic wipe sampling
procedure.
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Table 3 - Wipe Sampling Procedure
1) Don disposable nitrile gloves
2) Place 100 cm2 template over area to be sampled. If area is irregularly shaped or
template does not fit, use tape measure to approximate an area equivalent to or
greater than 100 cm2.
•

Note: Efforts should be made to not sample area less than 100 cm2.

3) Open ghost wipe and wipe the surface area within template, or designated sample
area, using “S” shaped strokes (up and down). Ensure entire area is covered from
edge to edge of template.
4) Fold the ghost wipe in half, capturing collected dust between two halves of filter.
5) With the folded filter re-wipe the sampling area using “S” shaped strokes, staring at
90-degrees from first wipe (side to side).
6) Fold the ghost wipe in half, capturing collected dust between two halves of filter.
7) With the now twice folded filter re-wipe the sampling area using “S” shaped strokes.
Wipe in the same direction as the first wipe(up and down).
8) Fold the ghost wipe in half, capturing collected dust between two halves of filter,
and insert into sample vial.
9) Label sample.
10) Doff gloves and dispose of along with sample template.
The above method is reflective of the NIOSH method of collecting wipe samples.
Figure 10 below visually demonstrates the method.

Figure 10 - NIOSH Surface Wipe Methods
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5.3. Materials and Equipment
A variety of equipment is required for surface sampling activities, typical equipment
is noted in Table below.
Table 4 - Surface Sampling Equipment & Materials
Equipment
Sample Container

Small brush or scoop

Sample Media

Bulk Sampling
Bulk samples may be swept
or scooped into small plastic
or glass jars or vials
Bulk samples may be swept
or scooped into small plastic
or glass jars or vials
Bulk samples using surface
micro-vacuum technique are
to be collected in 37-mm
MCE filter

Template

NA

Tape Measure

NA

Wipe Sampling
Wipe samples to be inserted
into plastic vial
NA
Wipe samples collected on
pre-moistened 15 x 15 cm
Ghost Wipes
10 x 10 cm template,
typically cardboard
To measure irregularly
shaped surface area that
template may not fit on

Sample pump and tubing for
micro-vacuum sampling
Disposable nitrile gloves.
Gloves are to be changed
after each sample, thus
sufficient quantity is
required

Disposable nitrile gloves.
Gloves are to be changed
after each sample, thus
sufficient quantity is
required

Camera

Documentation of sampling

Documentation of sampling

Notepad/Pens

Documentation of sampling

Documentation of sampling

Sample Pump and Tubing

Gloves

NA
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5.4. Criteria
Samples collected from electrical switchgear were compared to a control level for
surface contamination concentration of 0.2 µg/100 cm2 or 2 μg/g for bulk samples.
Equipment identified with surface levels above these criteria was considered to be
beryllium controlled. Equipment surface samples that exceed 0.1 µg/100 cm2 or 1 μg/g for
bulk samples, required additional investigation to verify surface contamination does not
exceed the control level referenced above.

6. Results
A total of 119 wipe samples were collected from 37 different pieces of equipment.
Of those 119 samples collected 93 (~78%) were less than the reportable detection limit,
which ranged from 0.007 – 0.05 µg/sample. The wide range was due to the fact that the
samples were collected at different times and analysis was completed at several different
laboratories with differing reporting limits. The remaining 26 wipe samples containing
detectable beryllium ranged from 0.005 – 0.048 µg/100 cm2.
Figure 11 indicates the distribution of wipe sample results for detectable and nondetectable samples. Clear peaks around the reportable detection limit levels of 0.005,
0.007, 0.02 and 0.05 µg/100 cm2 are noted. In addition, it is noted all results are well
below the criteria established of 0.2 µg/100 cm2 as well as the investigative level of 0.1
µg/100 cm2.

22

Figure 11 - Summary of Wipe Sample Data (µg/100 cm2)
Table 5 below summarize the wipe sample results from each type of switchgear
sampled. For these summary results all values, including less than detectable, were
included. The reporting limit was used as the sample result value for those 93 sample
results that were less than detectable.

Switchgear Style

Table 5 – Wipe Sample Results Summary
Westinghouse
Westinghouse
Siemen Allis
Vacuum
Air Circuit
Contactors
Circuit
Breaker
Breakers

GE Power
Vacuum
Breaker

Pieces of Equipment
Sampled

16

15

1

5

# of Samples Collected

58

51

3

7

0.005 – 0.05

0.005 – 0.05

0.005 – 0.048

0.02

Mean (µg/100 cm2)

0.024

0.016

0.019

Standard Deviation

0.019

0.009

0.025

NA

0.019 – 0.029

0.014 – 0.019

- 0.009 – 0.047

0.02

Sample Result Range
(µg/100 cm2)

95% Confidence Interval
(CI95%)

0.02
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In addition to the wipe samples collected, bulk samples were collected from six
Westinghouse Vacuum Circuit Breakers. A total of six bulk samples were collected via the
micro-vacuum method from the breakers. Of the six samples collected two were less than
the reportable detection limit, which ranged from 0.2 – 0.4 µg/g. The four remaining bulk
samples contained detectable beryllium ranging from 0.26 – 0.43 µg/g. All bulk samples
results were well below the criteria established of 2 µg/g as well as the investigative level
of 1 µg/g.
Table 6 summarizes the bulk sample results. As with the wipe sample results, the
bulk sample summary includes both the detectable and the less than reportable limit
results.
Table 6– Bulk Sample Results Summary
Switchgear Style

Westinghouse Vacuum Circuit Breakers

Pieces of Equipment Sampled

6

# of Samples Collected

6

Sample Result Range (µg/g)

0.2 – 0.43

Mean (µg/g)

0.34

Standard Deviation

0.09

95% Confidence Interval (CI95%)

0.21 – 0.46

Appendix A at the end of the report contains all of the raw data for electrical
switchgear data collected, including sample locations and results for each sample.
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7. Limitations
Limitations were noted in this assessment and follow-up may be prudent to ensure
a complete evaluation of these types of electrical switchgear is completed.
•

It is unclear exactly how many pieces of each type of electrical switchgear are
deployed in the field. To ensure a representative number of each type of
equipment was sampled this is important information to verify.

•

Only one Westinghouse Air Circuit Breaker was sampled during this
evaluation. Though sample results were consistent with other Westinghouse
circuit breakers sampled, it would be advisable to follow-up with additional
sampling as equipment becomes available. This will increase confidence that
results are truly representative of probable beryllium concentrations in these
pieces of equipment.

8. Conclusions
Extensive surface beryllium contamination does not appear to be a credible concern
for the pieces of electrical switchgear sampled. The CI95% for wipe samples collected for
each of the styles of equipment indicated that the true sample mean would fall well below
both the control level of 0.2 µg/100 cm2 as well as the investigative level of 0.1 µg/100 cm2.
In addition, bulk samples collected from Westinghouse Vacuum Circuit Breakers indicated
a CI95% consistent with what would be considered background beryllium levels and at
concentrations below the bulk sample control level of 2 µg/g and the investigative level of
1 µg/g.
Assuming beryllium components are present on the type of electrical switchgear
sampled in this evaluation it is unlikely that there is a significant mode for it to be liberated
from a solid form and dispersed as particulate. These pieces of equipment are not cycled
off and on frequently, nor removed from their motor control cabinets on a regular basis.
Thus, there is not a frequent mechanical action such as engaging the stabs on the bus bar,
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or arcing of the contactors or breakers as electrical current is broken. It is believed that
these mechanical and electrical arcing actions are the means that beryllium could be
transferred from a solid form to a particulate.
Locations of electrical equipment that have contactors or relays that are consistently
activated or cycled may pose a greater likelihood of having elevated levels of beryllium
contamination present as the mechanical action necessary to generate particulate from a
solid form takes place on a more frequent basis.
Though elevated levels of surface beryllium that could potentially become an
inhalation hazard were not identified during this evolution, there are still prudent
measures that are practical to use as a best practice when working on electrical switchgear
equipment to minimize contact with and generation of airborne particulate.
•

Wear appropriate personal protective equipment (PPE) when handling
equipment to minimize skin contact and transfer that could become an
ingestion potential. Always wear gloves and consider additional PPE such as
long sleeve clothing (coveralls) if significant dust or debris is present.

•

Follow good personal hygiene practices.
o Do not eat or drink in work areas.
o Wash hands and face prior to eating or drinking, as well as at the end
of the day prior to returning home.

•

Avoid generating dust or fumes.
o Do not grind, cut or weld on equipment without additional evaluation
and consideration of controls such as engineering controls or PPE.
o Do not use compressed air for cleaning. Use a HEPA vacuum or damp
rags as practical for cleaning.

•

Maintain housekeeping in the work-area, do not dry sweep. Use the HEPA
vacuum and wet-methods, such as damp rags or mopping, to minimize dust.
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Appendix A: Electrical Switchgear Raw Data
General Electric Power Vacuum Breaker – Wipe Samples (100 cm2)
Range

Result

<
<
<
<
<
<
<

0.02
0.02
0.02
0.02
0.02
0.02
0.02

Result
UOM
ug
ug
ug
ug
ug
ug
ug

Location Details
Floor below 6C27 Breaker Location PNL 5L 105B
Breaker/Bus Bar Connection on 6C27 Upper Right
Breaker/Bus Bar Connection on 6C30 Upper Middle
Breaker/Bus Bar Connection on 6C28 Upper Left
Breaker/Bus Bar Connection on 6C26 Upper Middle
Breaker/Bus Bar Connection on 6C34 Upper Left
Breaker/Bus Bar Connection on 6C34 Lower Bottom

Breaker
Number
6C27
6C27
6C30
6C28
6C26
6C34
6C34

Westinghouse Vacuum Circuit Breaker – Wipe Samples (100 cm2)
Range

Result

<
<
<
<

0.01
0.005
0.005
0.005
0.005

Result
UOM
ug
ug
ug
ug
ug

<

0.005

ug

<
<
<
<

<
<
<
<
<

0.02
0.02
0.02
0.05
0.032
0.025
0.005
0.005
0.005
0.034
0.02
0.02
0.02
0.007
0.007

ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug

<

0.007

ug

0.01

ug

<
<

Location Details
Westinghouse breaker 2E11, top of stab buss bar, 3 bars, 3
Westinghouse breaker 2E11, top of metal interior case
Westinghouse breaker 2E11, front side of grey face plate
Westinghouse breaker 2E12, top of metal interior case
Westinghouse breaker 2E12, front grey panel
Westinghouse breaker 2E12, top of 3 stab buss bars, each ~3 inch
x 4 inch
Westinghouse breaker 2E29, top of metal interior case.
Westinghouse breaker 2E29, front side of grey face plate.
West. brkr 2E29, top of stab buss bars, 3 each ~3
Top of Westinghouse circuit breaker (see picture 1)
Bottom of Breaker Unit Beneath Stabs
Composite of Bracket Above Sealed Contactors (3)
Composite of Top Row of Stabs (3)
Composite of Bottom Row of Stabs (3)
Top of Breaker Unit
Breaker 4C10 - stab bus bar
Breaker 4C10 - 1200 V - electrical stabs
Breaker 4C10 - 1200 V - top of frame
Breaker 4C10 - front face plate
4E20 Breaker, top of metal breaker case
4E20 Breaker, top of 3 upper stabs, each 7.3 x 9.8 cm
4E20 Breaker, front of middle of 3 red plastic insulators, between
the stabs.
Taken from the top of three stabs, each area was approximately
7.3cm x 9.8cm.

Breaker
Number
2E11
2E11
2E11
2E12
2E12
2E12
2E29
2E29
2E29
2E31
2E32
2E32
2E32
2E32
2E32
4C10
4C10
4C10
4C10
4E20
4E20
4E20
4E25
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Westinghouse Vacuum Circuit Breaker – Wipe Samples (100 cm2) - Continued
Range

Result

<
<
<

0.007
0.007
0.007

Result
UOM
ug
ug
ug

<

0.007

ug

<
<
<
<
<
<
<
<

0.007
0.02
0.02
0.02
0.02
0.02
0.02
0.007

ug
ug
ug
ug
ug
ug
ug
ug

<

0.007

ug

<
<
<
<
<
<
<

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.031
0.023
0.02
0.02
0.02
0.02
0.02
0.02

ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug

<
<
<
<
<

LocationDetails
Top middle of contactor case.
Taken on red plastic, vertical surface between stabs
Top left of contactor case.
Taken from the top of three stabs, each area was approximately
7.3cm x 9.8cm.
Taken on red plastic, vertical surface between stabs
Westinghouse breaker 4E4, top of metal interior case
Westinghouse breaker 4E4, front side of grey face plate.
Westinghouse. brkr 4E4, top of stab bus bars, 3 each
Westinghouse breaker 4E5, top of metal interior case
Westinghouse breaker 4E5, front side of grey face plate.
West. brkr 4E5, top of stab buss bars, 3 each
Westinghouse contactor 4E8, top of metal case
Top of Westinghouse contactor 4E3, between bolts on top plate.
Collected after vacuum dust sample VD 8/9-01 was collected.
Westinghouse breaker 4E8, top of metal interior case
Westinghouse breaker 4E8, front side of grey face plate.
West. brkr 4E8, top of stab bus bars, 3 each
Breaker 8C16 - stabs
Breaker 8C16 - top of frame
Breaker 8C16 - stab bus bar
Breaker 8C16 - frame - base inside of breaker
Breaker 8C25 - 200V - frame - base inside of breaker
Breaker 8C25 - 200V - stab bus bar
Breaker 8C25 - 200V - stabs
Breaker 8C25 - 200V - frame top
Breaker 8C3 - 1200 V - stabs
Breaker 8C3 -1200 V - top of frame cabinet
Breaker 8C3 - 1200V - stab bus bar
Breaker 8C3 - 1200V - front face plate

Breaker
Number
4E25
4E25
4E26
4E26
4E26
4E4
4E4
4E4
4E5
4E5
4E5
4E8
4E8
4E8
4E8
4E8
8C16
8C16
8C16
8C16
8C25
8C25
8C25
8C25
8C3
8C3
8C3
8C3
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Westinghouse Vacuum Circuit Breaker – Bulk Samples
Result
UOM

Range

Result

<

0.2

ug/g

0.26

ug/g

0.32

<

Location Details

Breaker
Number

Floor contactor cabinet tray, wires, CT's Isolators ( dusty
components)
Floor contactor tray only

3B2

ug/g

Floor contactor tray mostly, some wires and other dusty
components

4B1

0.4

ug/g

Back panel incoming line: C4x102, dust on concrete

1B1

0.4

ug/g

4E3

0.43

ug/g

Dust collected from top of buss contacts, case, and rails with
rolling wheels at site of contactor.
Dust collected from top of buss, and visibly soiled horizontal
surfaces of grey painted metal that was part of transport rack
below contactor.

2B2

4E8

Westinghouse Vacuum Circuit Breaker – Wipe Samples (100 cm2)
Range

<

Result

LocationDetails

Breaker
Number

0.048

Result
UOM
ug

metal frame

5C106

0.005

ug

contactor

5C106

0.005

ug

arc chute contactor

5C106
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Siemen Allis Contactor – Wipe Samples (100 cm2)
Range

Result

<
<

0.005
0.005
0.007
0.005
0.007
0.022
0.005
0.007
0.011
0.005

Result
UOM
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug

0.006

ug

<
<

0.012
0.05
0.05

ug
ug
ug

Composite of six points and three arc flash chutes
Side of contactor unit
Composite of three fuse tops (3 in. diameter)
Side of contactor unit
Composite of six points and three arc flash chutes
Composite of three fuse tops and bottoms (3 in. diameter)
Side of contactor unit
Composite of six points and three arc flash chutes
Composite of three fuse tops and bottoms (3 in. diameter)
SA contactor 2E22, red side insulator
SA contactor 2E22, points (12 sq in) and discolored arc flash
chute corners (12 sq in)
SA contactor 2E22, tops of 3 fuses, 3 inch diameter
Contactor points 12 sq in, and arc flash chute residues 12 sq in.
Side of contactor, red fiberglass insulation board

<

0.05

ug

Top of 6 metal fuses, each 3 inches diameter. Somewhat dusty.

2E25

<

0.007

ug

Siemens Allis 2400V breaker # 2E27, sn 566752A5, removed
from panel enclosure 2B2, export pump #2, 100 HP, E4x97.

2E27

0.017

ug

<

0.007

ug

Siemens Allis breaker in sample above, Sample from 6 fuse tops,
each 3 inch in diameter
Side of breaker

<

0.007

ug

Front panel of enclosure 2B2, MCC room side, enclosure closed.

2E27

<

0.05

ug

Contactor 2E33, the side of 1 arc chute, black and plastic

2E33

<

0.05

ug

Contactor 2E33, 2 of the 3 metal supports for the fuses.

2E33

<

0.05

ug

<

0.005
0.007
0.005
0.036
0.005
0.005
0.005
0.005
0.005
0.02
0.05

ug
ug
ug
ug
ug
ug
ug
ug
ug
ug
ug

<

<

<

<
<
<
<
<
<

LocationDetails

Contactor 2E33, Sampled 6 stabs (top and bottom), and the top
clamps for the fuses. Estimated area of 100cm^2
Contactors on inside of breaker (6 total)
Arc flash chutes ( 3 total)
Sidewall of middle slot of breaker
Bottom of breaker
Exterior sidewall of breaker
Contactors on inside of breaker (6 total)
Arc flash chutes ( 3 total)
Sidewall of middle slot of breaker
Bottom of breaker
Exterior sidewall of breaker
Contactor 2E36, the side of 1 arc chute, black and plastic

Breaker
Number
2E13
2E13
2E13
2E14
2E14
2E14
2E19
2E19
2E19
2E22
2E22
2E22
2E25
2E25

2E27
2E27

2E33
2E34
2E34
2E34
2E34
2E34
2E35
2E35
2E35
2E35
2E35
2E36
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Siemen Allis Contactor – Wipe Samples (100 cm2) -Continued
Range

Result

Result
UOM

LocationDetails

<

0.05

ug

<
<
<
<
<

0.05
0.02
0.02
0.02
0.007

ug
ug
ug
ug
ug

Contactor 2E36, sampled the top of 6 fuses, each one was 3
inches (7.6cm) in diameter.
Contactor 2E36, on red plastic side, opposite labeling.
SA contactor 4E1, points and discolored arc flash chute corners
SA contactor 4E1, red side insulator
SA contactor 4E1, tops of 6 fuses, 3 inch diameter
Siemens Allis breaker 4E

0.012

ug

Siemens Allis breaker 4E21.

4E1

0.021

ug

Siemens Allis breaker 4E27.

4E1

<

0.02

ug

SA Contactor 4E2, points and discolored arc flash chute

4E2

<
<

0.02
0.02

ug
ug

4E2
4E2

<

0.05

ug

SA Contactor 4E2, red side insulator
SA Contactor 4E2, tops of 6 fuses, 3 inch diameter
Siemens Allis breaker 2400 V, # 4E24, Removed from cabinet
3B2, SN WF-47747-01, -13585

<

0.05

ug

<

0.05

ug

<

0.05

ug

<
<
<
<

0.05
0.05
0.05
0.05

ug
ug
ug
ug

Siemens Allis breaker # 4E24, Sampled from of contact points,
area estimated, composite sample.
Siemens Allis breaker # 4E24: 6 circular metal fuse tops, each 3
inches in diameter.
Contactor 4E29, the side of 1 arc chute, black and plastic
Contactor 4E29, tops of 3 fuses and top and bottom of 6 stabs.
B Phase contact points, middle of fixture
C Phase contact points, on right from rear of fixture

<

0.05

ug

A Phase contact points, on left from rear of fixture

4E30

<

0.05

ug

4E30

0.0082

ug

Three flash arrestors, 4 surfaces each
Siemens Allis contactor 4E30, SN WF4774701: contact points,
arc flash chutes; total area estimate, composite sample.

<

0.02

ug

SA contactor 4E9, points and discolored arc flash chute corners

4E9

<
<

0.02
0.02

ug
ug

SA contactor 4E9, red side insulator
SA contactor 4E9, tops of 6 fuses, 3 inch

4E9
4E9

Sampled arc flash chutes; area estimated, composite sample.

Breaker
Number
2E36
2E36
4E1
4E1
4E1
4E1

4E24
4E24
4E24
4E24
4E29
4E29
4E30
4E30

4E30

